A covariant action for matter fields, interacting with gravitational and W -gravitational background, is presented.
Introduction
The principle of gauge invariance plays a great role in physics. The method of gauging of rigid symmetries has been successfully applayed to gauge as well as to gravity and supergravity theories. By using this method the more complicated theory was gauged. The chiral theory of matter fields interacting with W -gravity was formulated [1] . This theory was extended to non-chiral case by K.Schoutens, A.Sevrin and P.van Nieuvenhuizen [2] by using Noether method also. In present work we would like to use the same method to construct a manifest covariant action for matter fields, interacting with W 3 -gravity background. We propose to increase the number of gauge fields to overcome such problems, as non-locality and infinite non-linearity, arising in [2] . Correspondingly, the number of symmetries has to increase in such a way that the total number of physical degrees of freedom of theory remains equal to zero.
Construction of an action
W -gravity as a classical gauge theory was firstly considered by Hull [1] . Nonchiral version of this theory has been presented in work [2] . Authors start from the action:
Under ordinary diffeomorphysms δϕ = ǫ α ∂ α ϕ variation of the action (2.1) is
The action is invariant if ∂ + ǫ − = ∂ − ǫ + = 0. To extend this rigid symmetry to local one in agreement with Noether method one needs to add to the action (2.1) the currents t ++ = 1 2 (∂ + ϕ) 2 and t −− = 1 2 (∂ − ϕ) 2 multiplied by gauge fields kh ++ and kh −− correspondingly. Here k is an expansion parameter, which should to be set to one at the end. After infinite number of steps we will obtain an invariant action, which can be summed out by geometrical progression to form:
Then autors notice that action (2.1) for n real scalar fields is invariant under rigid W -diffeomorphisms also. Indeed, under transformations
the action tranforms as
The closure of algebra of rigid ǫ-and λ-transformations impose to symmetric constants d the following constraints [1] :
Using Noether procedure the action (2.1) can be made invariant under local ǫ-and λ-transformatins procedure by introducing corresponding gauge fields h ++ , h −− , b +++ and b −−− . Unfortunately, in this case the invariant action can be summarized out only by using auxiliary fields
After excluding the auxilary field they are replaced by the "nested" covariant derivatives of ϕ's:
The action 2.7 becomes infinitely nonlinear. Now we introduce more gauge fields, than it is required by Noether method, to avoid troblesomes and to work from the beginnig in covariant formalism. Namely, in pure gravity case instead of two components h ++ and h −− whole tensor h αβ should be introduced. Then the Noether procedure is finished after the first step and invariant action takes form:
We expect the appearence of the additional symmetry, which has to compensate degrees of freedom related to h +− -component of metric. Imposing tracelessness condition on the stress-tensor of theory For W 3 -gravity we propose to introduce h +− , b ++− and b −−+ components of gauge fields to complete them to whole tensors h αβ , b αβγ . The Noether procedure is finished after first step and an invariant action takes the form:
where
The action (2.11) is invariant under the following w-diffeomorphysms:
defined for traceless parameter λ: λ αβ h αβ = 0. Variation of (2.11) under transformation (2.12) has the form
We can reach invariance of the action (2.11) by definig λ-variations of gauge fields in such a way that the coefficients infront currents t αβ and ω αβγ are zero. The transformations (2.12) are partial realization of the constants d ijk in (2.4) for the case of two scalar fields. Such a restriction is not accidental. The matter of fact is that closure condition for covariant algebra of Wtransformations:
is too restricting for the case of three and more scalar fields and has only identically zero solution for d ijk 's. There is no futher restriction only for case of two scalar fields and algebra of transformation (2.14) together with ordinary diffeomrphysms has a form:
The algebra on the gauge fields closes only on the equations of motion, as in more simple case of d = 2 supergravity ( [4] ).
So, to reach an invariance under ordinary and λ diffeomorphysms, we have introduced 7 gauge field. Now we would like to impose constraints to obtain additional three-parameter group of symmetry to compensate 3 additional degrees of freedom.
Imposing tracelessness condition on stress-tensor and W -current of the theory: 
Now number of symmetries correspons to number of degrees of freedom. However, comparison of δS(ĥ,b) with (2.13) shows that symmetry of the action under λ-diffeomorphysms is incompatible with ordinary Weyl-invariance. Indeed, variation δ λ t αβ is traceless, but the trace of variation δ λ ω αβγ is not equal to zero and can not be equal to the traceless variation δĥ. So Weyl-invariance is incompatible with W -symmetry even on classical level. It is nessesary to replace tracelessness condition of stress-tensor for reduction of number degrees of freedom to another one.
Conclusion and outlook
The autors of [3] represented a covariant formulation of W -gravity, made correspondence to each annihilation generator of classical W 3 -algebra a gauge field and a local parameter, and to each creation generator a field in coadjoint representation. Then they required that all curvatures vanish. The resulting theory has a finite number of freedom and apart from ordinary and Wdiffeomorphysms invariance has local Weyl, Lorenz and W -Weyl, W -Lorenz symmetries.
The action (2.11) can be considered as a kinetic part of an effective action of W 3 -gravity theory, where matter fields should be interpreted as a group parameters of corresponding Weyl groups. The remaining topological part of this action can be found from the condition that full effective action of the theory has to be an 1-cocycle with respect to anomalous Weyl and W -Weyl symmetries.
Another way to make this is to consider W 3 -gravity as a constrained hamiltonian system and to ask which additional terms needed in order to constraints satisfy classical W -algebra. The work in this direction is in progress. 
